Introduction
Allogeneic hematopoietic cell transplantation (HCT) is effective treatment for patients with hematologic malignancies. Current strategies rely on maximally tolerated doses of systemic chemoradiation to eradicate cancer, and the allografts serve to rescue patients from treatment-induced marrow aplasia. Associated toxicities have limited treatment to younger, medically fit patients, with therapy administered on specialized hospital wards. Almost no HCTs have been done in patients more than 60 years of age, and relatively few in patients older than 50 years. 1 Consequently, median patient ages at HCT for chronic myelocytic leukemia (CML), chronic lymphocytic leukemia (CLL), acute myelocytic leukemia (AML), multiple myeloma (MM), and non-Hodgkin lymphoma (NHL) are approximately 2 decades younger than median ages at diagnoses. 1 Thus, current allogeneic HCT benefits only a younger minority of patients with candidate diseases.
At least 2 observations have raised doubts as to whether current concepts of allogeneic HCT are universally valid. First, marrowbased malignancies cannot always be eradicated even by the most intensive pretransplantation therapies. 2, 3 Second, cures may be attributed to graft-versus-tumor (GVT) reactions mediated by donor T cells, [4] [5] [6] [7] [8] [9] [10] and donor lymphocyte infusions (DLIs) can induce sustained complete remissions (CRs) of malignancies that relapsed after HCT. [11] [12] [13] [14] [15] [16] These observations, together with a better understanding of how to influence immune cell functions, suggested a reevaluation of how to perform HCT. Specifically, the emphasis is shifting away from relying on high-dose cytotoxic therapy toward using donors' immune cells for eradicating malignancy. Consequently, some investigators have tested reducedintensity pretransplantation regimens, although these regimens were still given for tumor cytoreduction and had significant toxicities, including temporary severe myelosuppression. [17] [18] [19] [20] Here, we present a novel concept of allogeneic HCT that uses the knowledge that both host-versus-graft (HVG) and graft-versushost (GVH) reactions are mediated by T cells. The concept relies on optimizing pharmacologic postgrafting immunosuppression to control both reactions. In canine HCT studies using major histocompatibility complex-matched littermate donors, the synergistic combination of the antimetabolite mycophenolate mofetil (MMF) and the T-cell-activation blocker cyclosporine (CSP) prevented graftversus-host disease (GVHD) and reduced HVG reactions, thereby allowing a reduction of the single-dose pretransplantation totalbody irradiation (TBI) needed for sustained engraftment from 920 cGy to a nonmyeloablative dose of 200 cGy. [21] [22] [23] Dogs having transplantation this way experienced minimal toxicities and mild pancytopenia, and moreover became stable mixed hematopoietic chimeras. These observations, together with the known GVT effects of allografts, allowed us to apply a novel strategy of HLA-identical sibling HCT using low-dose (200 cGy) TBI/MMF/ CSP. In contrast, conventional allografting regimens typically use TBI doses 6 times higher (at least 1200 cGy) combined with high-dose chemotherapy (eg, cyclophosphamide 120 mg/kg). This report describes initial results in 45 patients with hematologic malignancies who were ineligible for conventional HCT because of age or medical contraindications.
Patients, materials, and methods

Patients and eligibility
Forty-five consecutive patients were treated between December 17, 1997, and May 27, 1999 , at the Fred Hutchinson Cancer Research Center (FH), University of Washington Medical Center, and Veterans Affairs Medical Center in Seattle; the University of Leipzig (UL); and Stanford University (SU). Consent was obtained according to each institution's institutional review board guidelines.
Major eligibility requirements were as follows: (1) indolent hematologic malignancy or acute leukemia in CR; (2) HLA-identical sibling donor with serologic match at HLA-A, -B, -C, and molecular matching for HLA-DRB1 24 ; (3) age greater than 50 years (greater than 60 years for CML) or relative contraindication to conventional HCT in younger patients; and (4) creatinine clearance greater than 50 mL/min, bilirubin less than 2 times normal, and Karnofsky score more than 50. CLL and lymphoma patients had failed at least frontline therapy. MM patients had stage II or III disease at diagnosis or disease progression and had had previous chemotherapy. Three additional poor-risk patients had chemotherapy-resistant acute leukemia (UL607, UL577) and persistent marrow aplasia and aspergillosis after induction chemotherapy for AML (FH14241). 25 Table 1 shows patient and graft characteristics. Figure 1 shows the treatment protocol. TBI was given at 7 cGy/min from dual cobalt 60 sources (Fred Hutchinson Cancer Research Center) or linear accelerators (Veterans Affairs Medical Center, University of Leipzig, Stanford University, University of Washington Medical Center). Forty-four patients received 2 Gy TBI alone. One patient (FH14726) with CML received, in addition, fludarabine 30 mg/m 2 on days Ϫ4, Ϫ3, and Ϫ2 in an attempt to reduce the risk of graft rejection. CSP levels were targeted to the upper therapeutic range (approximately 500 ng/mL; Abbott TDX, Abbott Park, IL) until day ϩ35. Prophylaxis against Pneumocystis carinii, fungal infections, and cytomegalovirus (CMV) infections was used. [26] [27] [28] Patients with chronic GVHD requiring systemic immunosuppression received antibiotic prophylaxis against P carinii and Pneumococcus. For outpatient transplantations, scheduled follow-up included 2 to 3 clinic visits per week for the first month and then once or twice per week or as clinically required thereafter.
Treatment and evaluations
Chimerism among peripheral blood (PB) T cells, granulocytes, and unfractionated marrow was assessed at days 28, 56, 84, 180, and 360 after HCT using fluorescence in situ hybridization to detect X and Y chromosomes for recipients of sex-mismatched transplants and polymerase chain reaction (PCR)-based analysis of polymorphic microsatellite regions for recipients of sex-matched transplants. 29 The primary study end point was mixed chimerism at day 28, defined as between 1% and 95% PB donor T cells. Patients with mixed chimerism, no GVHD, and less than 20% increases in donor T cells from day 28 to 56 were eligible for DLI on day ϩ65. In others, monthly chimerism and tumor evaluations were done to assess the need for DLI. DLIs were scheduled to be administered at 2-month intervals starting at 1 ϫ 10 7 CD3 ϩ cells/kg, with up to 3 subsequent infusions at doses of 3.3 ϫ 10 7 , 1.0 ϫ 10 8 , and 3.3 ϫ 10 8 CD3 ϩ cells/kg to be given based on the presence of stable mixed chimerism and absence of GVHD, or persistent or progressive disease. Patients who had rapidly progressive tumors early after transplantation or graft rejection were considered treatment failures and were eligible for other therapies including DLI off protocol or second transplantations.
Acute and chronic GVHD were graded as described. 30, 31 Tumor responses were assessed using standard criteria. In patients who achieved CR, PCR was used to detect bcr-abl transcripts (CML) 32 or clonal immunoglobulin gene rearrangements (lymphoid malignancies). 33 
Statistical analysis
Survival and progression-free survival were estimated by the Kaplan-Meier method, and mortality from various causes and GVHD were each summarized using cumulative incidence estimates. 34 The associations of chimerism values at day 28 with acute GVHD and rejection were examined using logistic regression. Associations of various patient characteristics with acute GVHD and rejection were examined using the Wilcoxon rank-sum test for continuous characteristics. The 2 test was used for categorical characteristics, or Fisher's exact test if assumptions necessary for the 2 test were not met. Data were analyzed as of April 1, 2000. Table 2 summarizes the outcomes.
Results
Regimen-related toxicities and infections
No patient experienced regimen-related painful mucositis, severe nausea and vomiting, pulmonary toxicity, cardiac toxicity, hemorrhagic cystitis, or new-onset alopecia. Mild to moderate nausea and diarrhea due to MMF/CSP were common. Serum creatinine elevations to twice baseline values occurred in 59% of patients because of targeting high serum CSP levels, and resolved in most cases. One MM patient (UL625) with preexisting renal dysfunction (serum creatinine 2.3 mg/dL) required hemodialysis. Reversible hyperbilirubinemia to more than 10 mg/dL occurred in 3 patients because of preexisting liver cirrhosis (FH13009), concurrent amphotericin B treatment (FH14241), and isolated liver GVHD (FH14568). Documented bacterial infections requiring intravenous antibiotics occurred in 10 patients (22%) within 60 days after HCT. CMV reactivations were detected in 6 (24%) of 25 CMVseropositive patients and were managed successfully with ganciclovir or foscarnet. Thirty-two patients were eligible for outpatient transplantation. Others had transplantation at the University of Leipzig (n ϭ 12) or were already hospitalized (n ϭ 1). Seventeen (53%) of the 32 patients did not require hospitalization within 60 days of HCT. The remainder were hospitalized for 1 to 35 days (median 8 days). For personal use only. on April 15, 2017 . by guest www.bloodjournal.org From All patients had initial engraftment (Tables 2 and 3 ). Based on T-cell engraftment, 86% were mixed chimeras and 14% were complete chimeras on day 28. This changed to 79% and 21%, respectively, on day 56. Nine (20%) of 44 patients given TBI/CSP/ MMF had graft rejection between 2 and 4 months. Four had CML, 2 MM, one AML, one CLL, and one myelodysplasia. Rejections were nonfatal and usually associated with transient minor disturbances of blood counts (Figure 3 ), except for one patient (FH13246) who had 3 weeks of pancytopenia before recovery. This patient had experienced minimal myelosuppression until the onset of aplasia at 2 months after transplantation. Day-56 chimerism studies showed T cells to be 65% host and granulocytes to be 57% host at a time shortly before rejection when PB counts were not depressed, and these values were increased from 57% (T cells) and 29% (granulocytes) on day 28. Pretransplantation factors predictive of graft rejection were a lack of intensive preceding therapy and a diagnosis of CML (Table 4) . Low donor T-cell chimerism at day 28 predicted rejections (Tables 5 6) . To reduce the risk of graft rejection, fludarabine 30 mg ⅐ m Ϫ2 ⅐ d Ϫ1 on days Ϫ4, Ϫ3, and Ϫ2 was added to the regimen. In one patient (FH14726; CML) reported here, T cells at day 28 were 100% donor, as compared with 10% to 79% (median 42%) donor in 8 preceding CML patients.
Patients with sustained allografts
Of 36 patients, 17 (47%) developed acute GVHD, which was grade II in 13 (36%) and grade III in 4 (11%) ( Figure 4A ). The day-28 levels of donor T-cell chimerism predicted subsequent acute GVHD (Tables 5 and 6 ), which occurred in all patients with full donor chimerism. With one exception, acute GVHD began after discontinuation of MMF. In most cases, it responded to continuation of CSP and a standard course of methylprednisolone. 35 Twenty-three (74%) of 31 evaluable patients developed chronic GVHD; 19 (61%) were treated with systemic immunosuppressive therapy, one with topical steroids, and 3 received no specific therapy. 31 The extent of chronic GVHD and organ involvement are shown in Table 2 . Of the patients treated for chronic GVHD, 9 had excellent responses, 9 had partial responses (PRs), and 2 were unevaluable because of death. Two patients discontinued therapy without a flare of GVHD.
Status of underlying diseases: patients with graft rejection
Eight of 9 patients had persistent disease, and one MM patient (FH13230) achieved CR before relapse (Table 2) . Patient FH13246 (MM) experienced a sustained CR of long-standing (30 years) psoriatic arthritis.
Status of underlying diseases: patients with sustained engraftment
Of 36 patients, 25 were alive, with 19 (53%) in CR, 2 in PR, and 4 without responses (Table 2) . Twenty-nine of 36 patients had measurable disease before transplantation, and 19 (66%) achieved CR sometime after HCT. Progression-free survival for the entire group and survival for patients with sustained engraftment are shown in Figure 4C . Five of 6 AML patients having transplantation in first CR or during aplasia were in remission. Of 2 AML patients in second or third remission, one died of relapse and one of infection while in remission. Of 3 patients with refractory acute leukemia, 2 died of relapse and one remained in remission at more than 23 months. All 5 CML patients were alive in molecular CR ( Figure 5A ). Of 7 CLL patients, 3 were in CR including 2 in molecular CR ( Figure 5B), one was in PR, and one had progressive disease. One died of infection while in molecular CR and one died of progressive disease. Molecular CRs were first documented 5 to 12 months after transplantation and occurred gradually ( Figure 5A,B) . These remissions occurred in all 8 patients while they were receiving immunosuppressive therapy for management of GVHD. Of 6 MM patients, 4 were in CR ( Figure 5C ), one died of progressive disease, and one died of infection. Of 4 Hodgkin disease patients, one was in CR, one was alive in relapse, and 2 died of progressive disease. One NHL patient died of cerebral hemorrhage while in CR at 2 months. Two patients with Waldenström macroglobulinemia were alive with stable disease.
Donor lymphocyte infusions
Twenty-three patients (51%) underwent the first DLI on days 56 to 326, including all 9 patients who subsequently rejected their grafts. Thus, DLIs given at 1 ϫ 10 7 CD3 ϩ cells/kg were unable to prevent progression to complete graft rejection. Twelve of 14 remaining patients had measurable disease. Four achieved CR, 5 had no response, and 3 were unevaluable because of concurrent other therapy (n ϭ 2) or early death due to infection (FH14692). Three patients developed their first GVHD after DLI.
Survival and causes of death
With median follow-up at 417 days (range, 310-769 days), 30 of 45 patients (66.7%) were alive ( Figure 4D ). Twelve patients (26.7%) died of progressive disease, including 4 from DLI-induced GVHD and infections and 2 after conventional second HCT. Three (6.7%) died of transplantation complications without disease progression, including pneumonia at 2 months (UL625), central nervous system hemorrhage at 2 months (FH14224), and streptococcal sepsis after sinusitis at 1 year while off all systemic immunosuppression (FH12914).
Discussion
This clinical protocol was a direct translation of preclinical canine HCT studies. 22 The new concept for HCT, which relies on GVT effects rather than extreme chemoradiation to eradicate malignancies, has several advantages. First, serious organ damage characteristic of conventional transplantation is avoided. Second, a lack of profound pancytopenia reduces infection risks. These 2 features allow application of HCT to otherwise ineligible patients. Third, there may be an immunologic advantage that is the key to the success of this approach. Specifically, minimally cytotoxic pretransplantation conditioning allows persistence of host antigenpresenting cells, thus enhancing presentation of host minor antigens to donor T cells and initiation of GVT (and GVH) effects.
By exploiting postgrafting immunosuppression to control graft rejection, most of the pretransplantation TBI required for engraftment was eliminated in canine studies. 22 Encouraged by the effectiveness and safety of these transplantations together with the therapeutic potential of donor lymphocytes, [11] [12] [13] [14] [15] [16] we initiated this study. Several conclusions are possible.
First, the regimen was safe and minimally toxic. Alopecia, severe mucositis, severe protracted pancytopenias, and fatal regimen-related toxicities typical of conventional HCT were not encountered. This allowed 53% of eligible patients to be treated entirely as outpatients, with others having relatively short hospitalizations (median 8 days), as compared with medians of more than 30 days with conventional HCT. 36, 37 Most patients required neither antibiotic treatment for infections nor platelet transfusions. Given the modest declines in blood counts, it was difficult to estimate the speed of engraftment. However, in one patient who was aplastic at transplantation (FH14241), neutrophils rose to more than 500/L 
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by day 8 and platelets to more than 20 000/L by day 13. 25 Thus, the degree and exact tempo of myelosuppression induced by 200 cGy TBI in humans not given stem cell support cannot be estimated from this study. However, in dogs given this TBI dose without stem cell transplantation, the granulocyte nadir was 750/L on day 20 and platelet nadirs were at 16 to 24 days after transplantation.
Marrow recovery occurred in 17 of 18 dogs and all 17 survived beyond 30 days, with recovery complete by day 40 for granulocytes and by day 50 for platelets. 22 CMV reactivations occurred in only 24% of CMV-seropositive patients, as compared with 79% after conventional transplantation. 38 Three patients (6.7%) died of transplantation complications without disease progression. Overall, this toxicity profile was impressive considering the ages, preceding therapies, and preexisting organ dysfunction or infections among patients who were not conventional allografting candidates. These observations support the concept that the use of potent postgrafting immunosuppression permits one to reduce the intensity of pretransplantation immunosuppressive and myelosuppressive therapy, thereby reducing toxicities usually associated with allografting.
As with any radiation, there is a risk of late malignancies even from the low dose rate of 200 cGy TBI used here. Nevertheless, evidence suggests that this risk might be small. Among 95 673 nuclear workers exposed to low-level radiation, the excess relative risk of cancer was estimated to be only Ϫ0.02 (95% confidence interval [CI] Ϫ0.34 to 0.35) per sievert (approximately 1 Gy ␥-radiation). 39 In a large retrospective study, TBI-associated cancer risks after conventional HCT were dose related, but were not increased with TBI-based regimens using less than 10 Gy as compared with chemotherapy-only regimens. 40 Long-term follow-up of individuals exposed to ionizing radiation after atomicbomb explosions also supports the concept that the risks from low-dose TBI are relatively small. 41 Others have reported a significant incidence of late leukemia or cancer after low-dose TBI when patients received fractionated high-dose-rate (150 cGy/min) TBI and, in most cases, additional high-dose local radiation and/or systemic alkylating agents. 42 Based on those observations, it is difficult to estimate the late cancer risks from single-fraction low-dose-rate TBI as used here. The low dose rate used here (7 cGy/min), together with allografting, which largely eliminates host hematopoiesis through GVH reactions, should provide protection against secondary AML. Nonetheless, concerns about long-term For personal use only. on April 15, 2017 . by guest www.bloodjournal.org From safety have provided impetus to further reduce reliance on TBI as immunosuppression, particularly when treating nonmalignant disorders in younger patients. Additional canine studies have provided evidence that alternative, less toxic immunosuppression may eventually allow reduction or elimination of TBI from the current protocols. 43 The risks of late malignancies from alternative reducedintensity allografting regimens that use fludarabine with intermediate-dose or high-dose alkylating agents [17] [18] [19] 44 also remain uncertain and must be determined by longer follow-up.
Second, stable allogeneic engraftment was achieved in most patients despite using only 200 cGy TBI before transplantation. It is known from canine studies that 200 cGy is by itself not sufficiently immunosuppressive to permit stable allogeneic engraftment. However, when 200 cGy TBI before HCT was combined with postgrafting MMF/CSP, stable engraftment was seen in 11 of 12 dogs, whereas no long-term engraftment was seen with CSP alone. To achieve the same rate of engraftment without postgrafting immunosuppression, 920 cGy TBI was required. Put another way, MMF/ CSP after grafting provided a degree of host immunosuppression that was otherwise achieved with more than 700 cGy TBI before transplantation. These considerations suggest that postgrafting CSP/MMF had an important role in facilitating engraftment in this clinical study. Nonfatal graft rejection occurred in 20% of the 44 patients who received TBI/MMF/CSP, and autologous hematopoietic recovery occurred in each case, as in the canine studies, 22 providing evidence that host hematopoiesis was not ablated by the conditioning therapy. Rejection episodes occurred at 2 to 4 months, and one patient had 3 weeks of severe pancytopenia before recovery. The relatively large and increasing admixture of host cells, together with relatively normal PB counts shortly before rejection, suggests that TBI-induced suppression was not responsible for pancytopenia in this patient and implicates another mechanism, possibly similar to that observed with DLI-induced aplasia. The factor most closely associated with rejection was the absence of intensive previous chemotherapy. The current approach was most effective for heavily pretreated patients, with 30 of 31 (97%) having sustained engraftment. To reduce the rejection risk, we added the potent immunosuppressive purine analogue fludarabine to the pretransplantation conditioning for one patient reported here, and this approach is being evaluated in further studies. The high-level day-28 T-cell engraftment in CML patient FH14726 together with uniformly stable engraftment in 43 subsequent HLA-identical siblings (unpublished observations) and 11 unrelated donor HCT recipients 45 suggests that fludarabine/TBI more effectively prevents rejection than TBI alone. Fludarabine synergizes with radiation to kill tumor cells, 46 and this may also be true for its effect on T lymphocytes. It has been a component of most other reported reduced-intensity allografting conditioning regimens. [17] [18] [19] 44 Third, 47% of patients with sustained engraftment developed acute grades II to III GVHD, with no grade IV disease. By comparison, rates of acute GVHD after conventional allografting using standard methotrexate/CSP prophylaxis 47 were 35% and 44% among 446 48 and 164 49 younger patients, respectively, and 60% among 57 older patients (50-60 years) (R. Storb, unpublished data, Fred Hutchinson Cancer Research Center). The lack of stable mixed chimerism in most patients together with the development of GVHD in some patients after discontinuation of CSP on day 35 led us to extend CSP administration to day ϩ56 for better GVHD protection. GVHD was effectively managed in most current Tables 1 and 2 . Data are presented as n (%) or median (range). Rejection analysis includes 44 patients who received low-dose TBI/CSP/MMF and excludes patient FH14726, who also received fludarabine.
*Intensive prior therapy includes prior autograft, prior intensive chemotherapy for acute leukemia, or more than 3 cycles of a fludarabine-containing regimen. Analysis of GVHD restricted to 35 patients with sustained engraftment and without GVHD before day 28. Patient UL627 was excluded from analysis because of lack of DNA polymorphism.
GVHD indicates graft-versus-host disease; CI, confidence interval; OR, odds ratio; PB, peripheral blood.
*OR presented as an increase of 25% in donor chimerism. For example, the odds of rejection among patients with 50% donor T-cell chimerism are 0.4 times the odds of rejection among patients with 25% donor T-cell chimerism.
†P value obtained from logistic regression, Wald test. patients. Whereas the median onset of acute GVHD was day 16 after conventional transplantation, 48 the current median was 40 days. The almost complete absence of GVHD during days of combined MMF/CSP prophylaxis suggests that this is a potent immunosuppressive combination, consistent with canine GVHD studies. 50 The contributions of low-intensity pretransplantation conditioning and initial mixed chimerism to the relatively benign courses of GVHD in these older patients remain unclear. Given the cumulative incidence curve for patients with sustained engraftment. Curve includes both chronic extensive and limited GVHD. (C) Survival, transplantation-related mortality, and relapse mortality after HCT. Survival estimates were 68.6% (95% CI ϭ 54.9% to 82.2%) at 12 months and 65.0% (95% CI ϭ 50.3% to 79.6%) at 18 months. Transplantation-related mortality (TRM) was regarded as a competing risk for death from relapse, relapse as a competing risk for TRM, and death without GVHD as a competing risk for GVHD. (D) Progression-free survival. Freedom from disease progression is shown among the entire cohort and among patients without graft rejection. Disease progression was defined as relapse from CR or disease progression that required additional chemotherapy and/or DLI after transplantation or Ͼ 25% increase in tumor measurements over those present at transplantation baseline. High-dose cytoreduction with melphalan 200 mg/m 2 and autologous transplantation were performed 3 months before allogeneic HCT. DLI was given 4 months after HCT because of persistent tumor. After CR was achieved, trace levels of serum monoclonal paraprotein detected by immunofixation were present intermittently in follow-up testing.
BLOOD, 1 JUNE 2001 ⅐ VOLUME 97, NUMBER 11 For personal use only. on April 15, 2017 . by guest www.bloodjournal.org From importance of inducing GVT effects for successful nonmyeloablative transplantation and the appreciable incidence of both acute and chronic GVHD encountered, GVHD control remains a critical research objective. Because MMF/CSP was given for relatively short periods after transplantation in this study, GVHD control might be improved simply by extending the duration of postgrafting immunosuppression.
Fourth, an important initial goal was establishing mixed chimerism, anticipating that it might protect from GVHD and it would provide an immunologic platform for subsequent DLI. 51 Although approximately 80% of patients had mixed chimerism early after transplantation, it was usually unstable, progressing to either full donor chimerism or graft rejection and restricting DLI to 22 patients, including 8 who rejected their grafts. The differences between dogs and human patients with respect to establishing stable mixed chimerism may relate to differences in age and thymic function, previous chemotherapy and transfusions in patients, and minor interspecies variations in responses to the immunosuppressive agents.
Finally, persisting antitumor responses occurred exclusively in patients with sustained engraftment, indicating the importance of donor T cells for inducing and maintaining these responses. Nineteen of 29 patients (66%) with measurable disease before transplantation achieved CRs, and 3 others achieved PRs. Among these, 8 molecular remissions in CML (n ϭ 5) and CLL (n ϭ 3) patients were documented 5 to 12 months after HCT, and 7 of these occurred without the need for DLI. The molecular remissions occurred while patients received immunosuppression for treatment of GVHD, indicating that powerful GVT responses were generated and continued even with control of other GVHD manifestations. Although low-dose TBI given with or without alkylating agents may induce remissions in some patients with untreated CLL and NHL, 52, 53 it has not been reported that low-dose TBI can induce CRs and molecular remissions in patients with chemotherapyresistant CLL, and in particular after failure of previous fludarabinecontaining regimens. Similarly, although low-dose TBI may have transient suppressive effects on CML, even high-dose myeloablative regimens (at least 1200 cGy TBI plus intensive chemotherapy) are by themselves often incapable of providing sustained disease control, as indicated by the frequent relapses observed after using T-cell-depleted allografts. 54 Thus, it is very unlikely that the low-dose and low-dose-rate TBI was responsible for the major disease responses observed here. Further, the molecular remissions occurred gradually, with clearing of tumor over many months and long after conditioning therapies were given. These observations also suggest that for some indolent malignancies, cytoreductive therapy given before transplantation may not be necessary and that DLI in this setting may be used sparingly and even avoided if disease is stable or responding. Factors that may influence the extent and tempo of disease responses include degrees of minor non-HLA disparities between donors and recipients, effects of immunosuppressive therapy given for GVHD, and expression of target antigens by tumor cells. For aggressive malignancies, it may be necessary to control tumor growth before GVT effects occur. Whereas others have used systemic chemotherapy, we are exploring whether this can be achieved by adding tumor-directed monoclonal antibody conjugates. 55, 56 The induction of molecular remissions suggests that this treatment approach has curative potential for CML and CLL and may be a future alternative for younger patients who wish to avoid complications from high-dose regimens. Observations of durable molecular remissions of CML after DLI was given for relapse after conventional HCT support this notion. 57, 58 The current study included a heterogeneous group of patients, which allowed us to demonstrate antitumor effects in several different diseases and to identify patients at increased risk of graft rejection. Diseasespecific phase 2 and 3 studies with prolonged follow-up will be required to fully evaluate the benefits and limitations of this approach regarding its curative potential, consequences of GVHD, late side effects, and comparisons with conventional allografting.
In smaller series reported recently, reduced-intensity regimens were used for allografting. [17] [18] [19] [20] Conceptually, achieving engraftment relied on immunosuppressive (and myelosuppressive) chemotherapy of varying intensities given before transplantation to suppress tumors and host immunity. Sustained engraftment was usually achieved, and impressive GVT activity was observed in some patients. Investigators from Houston used conventional chemotherapy regimens incorporating the purine analogues fludarabine or 2-chloro-deoxyadenosine in patients with advanced malignancies who were ineligible for conventional allografts. 17, 19 Postgrafting GVHD prophylaxis was omitted in their initial patients but added later to control GVHD. Fludarabine, 30 mg/m 2 ϫ3, and cyclophosphamide, 300 mg/m 2 ϫ3, their least intensive regimen, resulted in failed donor engraftment in 3 of 5 heavily pretreated CLL patients, 19 necessitating dose escalation. These results suggest that this regimen was less immunosuppressive than TBI/MMF/CSP reported here. Others have used modifications of fludarabine/ cyclophosphamide. 44, 59 Slavin et al 18 reported using an attenuated conventional transplantation regimen of busulfan, fludarabine, and antithymocyte globulin with CSP alone as GVHD prophylaxis. Among 26 patients, veno-occlusive disease occurred in 50% and fatal acute GVHD occurred in 15%. Although the 14-month survival of 77.5% was impressive, the median patient age was 32 years (range, 1-56 years), and all appeared to be candidates for conventional allografting. Using high-dose cyclophosphamide and antithymocyte globulin with or without thymic irradiation, Sykes et al 20 have established grafts from HLA-matched and HLAmismatched donors in patients with advanced lymphoma.
By focusing on postgrafting immunosuppression to control rejection and GVHD, we have further reduced the intensity and toxicity of conditioning therapy for recipients of HLA-identical grafts. This allografting approach appears broadly applicable and suitable for studies of adoptive immunotherapy in hematologic and solid tumors, given that the transplantations can be performed effectively in an outpatient setting with minimal toxicity and limited supportive-care requirements. The development of effective targeting strategies to focus T-cell reactions against tumor antigens or minor antigens with hematopoietic restriction 60,61 might enhance future outcomes through more effective tumor killing and by reducing the risks of GVHD. As reviewed elsewhere, 51 this new allografting concept also has potentially important applications in the treatment of some nonmalignant diseases.
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